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Abstract

HDL and apolipoprotein A1 (apoA1) concentrations inversely correlatewith risk of death from ischemic heart disease; however,

the role of apoA1 in the myocardial response to ischemia has not been well defined. To test whether apoA1, the primary HDL

apolipoprotein, has an acute anti-inflammatory role in ischemic heart disease, we induced myocardial infarction via direct left

anterior descending coronary artery ligation in apoA1 null (apoA12/2) and apoA1 heterozygous (apoA1+/2) mice. We observed

that apoA1+/2 and apoA12/2 mice had a 52% and 125% increase in infarct size as a percentage of area at risk, respectively,

compared with wild-type (WT) C57BL/6 mice. Mitochondrial oxidation contributes to tissue damage in ischemia–reperfusion

injury. A substantial defect was present at baseline in the electron transport chain of cardiac myocytes from apoA12/2 mice

localized to the coenzyme Q (CoQ) pool with impaired electron transfer (67% decrease) from complex II to complex III.

Administration of coenzyme Q10 (CoQ10) to apoA1 null mice normalized the cardiac mitochondrial CoQ pool and reduced

infarct size to that observed in WT mice. CoQ10 administration did not significantly alter infarct size in WT mice. These data

identify CoQ pool content leading to impaired mitochondrial function as major contributors to infarct size in the setting of low

HDL/apoA1. These data suggest a previously unappreciated mechanism for myocardial stunning, cardiac dysfunction, and

muscle pain associated with low HDL and low apoA1 concentrations that can be corrected by CoQ10 supplementation and

suggest populations of patients that may benefit particularly from CoQ10 supplementation. J. Nutr. 144: 1030–1036, 2014.

Introduction

Plasma concentrations of HDL and its major protein, apoA1, are
both inversely associated with cardiovascular disease morbidity
and mortality (1,2). apoA1 is a single polypeptide of ;28,000
kDa primarily synthesized in the liver and small intestine (3,4).
Human individuals with apoA1 deficiency (5) and apoA1-deficient
mice (6) fail to form normal HDL particles, cannot effectively
transport cholesterol from tissues back to liver and, as a result, are
predisposed to premature coronary artery disease and death (7,8).
More recently, novel therapeutic approaches to treat coronary

artery disease, such as the administration of apoA1 or its analogs
to alter the development of atherosclerosis, were investigated in
animal models and in humans (9,10).

Recent studies (11–14) show that apoA1 possesses anti-
inflammatory and antioxidant properties, in addition to its role
in reverse cholesterol transport. Given the role of inflammation (15–
17), redox state, and mitochondrial electron transport (18–20) in
determining cardiac function during postmyocardial infarction, we
sought to determine whether apoA1 has acute anti-inflammatory
properties that modulate myocardial infarct size. In fact, we found
that apoA1 deficiency sharply increased infarct size. The pathology
was traced to a functional defect inmitochondrial electron transport
that arose from a deficiency in the coenzyme Q (CoQ)10 pool of
apoA1 null (apoA12/2) mice. This defect was reversed by coenzyme
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Q10 (CoQ10) i.p. injection, which normalized infarct size in
apoA12/2 mice. Our study adds to the emerging role of HDL in
modulating cardiac mitochondrial function (21) and in defining
cardiac damage after reperfusion of ischemic myocardium.

Materials and Methods

Left anterior descending coronary artery ligation/reperfusion and

quantification of area at risk and infarct size. Animal protocols were
approved by the Animal Research Committee using mice housed in the

Association for Assessment and Accreditation of Laboratory Animal Care

International–approved facilities of the Cleveland Clinic and Northeast

Ohio Medical University. Mice were maintained on LabDiet 5008 (27%
protein, 17% fat, and 56% carbohydrate by calories; 3.5 kcal/g energy

value) (LabDiet). Mice were all littermates generated from apoA1heter-
ozygous (apoA1+/2) mice (The Jackson Laboratory). In indicated experi-

ments, mice were administered CoQ10 i.p. (0.1mg/g bodyweight per day in
10%Tween 20) or a control solution of 10%Tween for 3 d before initiating

ischemia because this dose of CoQ10 generates a peak myocardial CoQ10

content within 4 d (22). Anterior wall myocardial infarction was performed
as described previously (15). Briefly, anterior wall myocardial infarction was

induced in 20–25 g male littermate wild-type (WT) C57BL/6J, apoA1+/2, or
apoA12/2 mice by ligation of the left anterior descending coronary artery

(LAD) (with 7-0 Prolene). Blanching and dysfunction of the anterior wall
verified LAD ligation. After 30 min of LAD ligation, the knot was cut at the

level of the myocardium, and subsequently mice underwent reperfusion for

3 h. Successful reperfusion was verified by return of red color to the tissue

that was initially blanched at the time of LAD ligation and gross evidence of
some recovery of anterior wall motion. Mice were continuously ventilated.

The area at risk and infarct size was analyzed using Evan�s blue dye and 1%

2,3,5-triphenyltetrazolium chloride (TTC) at 37�C, respectively. At the time

of death, the LADwas ligated again, and Evan�s blue dye (1 g/L) was infused
to define the area of myocardium not at risk (area of Evan�s blue dye

exclusion). The heart was then harvested and sectioned into 3 pieces defined

as base, mid, and apex. The sections were incubated in TTC solution for
15 min, rinsed, and then placed in formalin overnight. The infarct size as a

percentage of area at risk was calculated as the area of myocardium that

was TTC-stain positive divided by the area of myocardium that was not

stained by Evan�s blue dye.

Determination of reactive oxygen species production in vivo.

Reactive oxygen species (ROS) production was assessed in vivo using

hydroethidine dye (23,24) as described previously (25) with detection at 600
nm after excitation at 520 nm (26). Hydroethidine (10 mg/kg) was injected

into the jugular vein of the anesthetized and previously infarcted mouse and

allowed to circulate for 3 h. Serial sections of embedded heart (n = 5) were
cut and collected at 600 mm intervals, and 5 randomly selected areas within

the infarct zone were viewed by confocal microscopy in a blinded manner.

The sum of the fluorescence intensity for each regionwas divided by the total

number of pixels analyzed and expressed as relative fluorescence units.

Terminal deoxynucleotidyl transferase–mediated biotinylated

dUTP nick end labeling assay. Heart sections were stained with the

In Situ Cell Death Detection kit (Roche Applied Science) per the instructions
of the manufacturer and costained with 4#,6-diamidino-2-phenylindole.

Terminal deoxynucleotidyl transferase–mediated biotinylated dUTP nick

end labeling–positive cells were counted at 403magnification in 5 randomly
selected areas within the infarct zone and expressed as positive cells per

square millimeter and then compared between WTand apoA12/2 mice. At

least 10 sections were analyzed throughout the entire longitudinal axis of the

hearts (n = 5 hearts per group).

HDL assay.HDLwas quantified in duplicate in serum using the Abnova

colorimetric HDL assay kit (KA1656).

Mitochondrial techniques. Three mouse hearts were pooled, finely

minced, and placed in Chappell-Perry (CP1) buffer [100 mmol/L potassium

chloride (KCl), 50 mmol/L MOPS, 5 mmol/L magnesium sulfate, 1 mmol/L

EGTA, and 1mmol/L ATP], and trypsin was added (1 mg/g wet weight) and

then homogenizedwith a polytron tissue processor (Brinkmann Instruments)

for 2.5 s at a rheostat setting of 3.5. The polytron homogenatewas incubated

for 10min at 4�Cwith stirring. CP2 buffer (CP1with 2%FA–free BSA) was
added to arrest trypsin digestion. Additional mixing and homogenization

used 2 strokes with a loose-fitting pestle and 2 strokes with a tight-fitting

pestle. The homogenate was cleared (500 3 g, 10 min), and recovered

mitochondria (30003 g, 10 min) were washed twice before resuspension in
buffer containing 100 mmol/L KCL, 50 mmol/L MOPS, and 0.5 mmol/L

EGTA. Mitochondrial protein concentration was measured by the Lowry

method, using BSA as a standard.

Oxygen consumption was measured using a Clark-type oxygen
electrode at 30�C.Mitochondria were incubated in a solution containing

80 mmol/L KCl, 50 mmol/L MOPS, 1 mmol/L EGTA, 5 mmol/L

potassium phosphate, and 1 mg/mL defatted, dialyzed BSA, pH 7.4.
Glutamate (complex I substrate, 20 mmol/L) plus malate (2 mmol/L),

succinate (complex II substrate, 20 mmol/L) plus rotenone (7.5 mmol/L),

and N,N,N#,N#-tetramethyl p-phenylenediamine (TMPD)-ascorbate

(complex IV substrate, 1 mmol/L-10 mmol/L) plus rotenone (7.5 mmol/L)
were used. State 3 (ADP-stimulated) respiration, state 4 (ADP-limited)

respiration, respiratory control ratios, the ADP-to-oxygen ratio, and

dinitrophenol-uncoupled respiration were determined. Endogenous sub-

strates were depleted by addition of 0.1 mmol/L ADP before glutamate
stimulated respiration.

Enzyme activities were measured in detergent-solubilized mitochon-

dria as described previously (27,28): 1) nicotinamide adenine dinucleotide
cytochrome c reductase, rotenone-sensitive; 2) succinate cytochrome

c reductase, antimycin A–sensitive; 3) complex II, thenoyltrifluroacetone-

sensitive; and 4) complex III, antimycin A–sensitive and 5) citrate synthase.
Net hydrogen peroxide production frommitochondria was measured

using oxidation of the fluorogenic indicator Amplex red (Invitrogen) in

the presence of HRP. Glutamate and succinate were used as substrates at

the same concentration used to measure oxidative phosphorylation (29).

CoQ10 assay. CoQ10 concentrations were determined by reversed-

phase HPLC on a C18 column (30) with slight modification. Heart

mitochondria were isolated by differential centrifugation as described

above, and a defined amount of CoQ9 was added before CoQ10 was
extracted at 4�C with methanol n-hexane (2:3, v:v) and evaporated to

dryness under nitrogen gas before resuspension in mobile phase

(methanol, n-hexane, 72:28 v:v) for resolution at 1 mL/min at 24�.
CoQ10 was detected at 275 nm and quantified using the CoQ9 internal

standard.

Statistical analyses. All data are expressed asmeans6 SDswith statistical
analysis by SPSS software (Windows version 10.0; SPSS). The effect of

apoA1 on infarct size was tested by 2-factor ANOVAwith comparisons

between groups performed using Bonferroni�s correction. Pearson�s corre-
lation coefficient was calculated based on the number of apoA1 alleles
present. Comparisons between 2 groups were statistically evaluated by

Student�s t test. A value of P # 0.05 was considered significant.

Results

HDL concentrations and infarct size in mice vary by apoA1

gene dose. We quantified HDL concentrations as a function of
apoA1 genotype. As anticipated, the serum concentration of
HDL corresponded to the gene dose of apoA1. HDL contents
were 10.5 6 0.71 mg/dL (n = 4), 33.0 6 2.0 mg/dL (n = 4), and
60.36 3.0 mg/dL (n = 5) in apoA12/2, apoA1+/2, andWTmice,
respectively, and are consistent with previous reports (6,31).

Loss of apoA1 and HDL affected outcomes after chronic
ligation of the proximal LAD in which ;80–90% of apoA12/2,
but not WT, mice died within the first 24 h (data not shown).
Using an ischemia (30 min)–reperfusion (3 h) model, we
observed no differences in the area at risk after LAD ligation
between WT, apoA1+/2, and apoA12/2 mice after LAD ligation
(50 6 11%, 50 6 3%, and 52 6 4%, respectively). Infarct size
as a percentage of the area at risk was significantly (P < 0.05)
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affected by the concentration of apoA1, with those in the apoA12/2

mice larger than those of apoA1+/2 and WT mice, and those in the
apoA1+/2 mice larger than in WT mice (Fig. 1). The largest infarcts
were present in the apoA12/2 mice compared with apoA1+/2 and
WT mice (Fig. 1), and these differences were significant compared
with WT [WT vs. any apoA1 deletion (combined apoA1+/2 and
apoA12/2), P = 0.001; and apoA1+/2 vs. apoA12/2, P < 0.01].

apoA1 concentrations do not alter myocardial ROS content.

We determined whether the increase in infarct size in the apoA12/2

mice was due to increased production of ROS, because ROS play a
major pathogenic role in ischemic injury. Three hours after re-
perfusion, there was no significant increase in mean ROS in
apoA12/2 mice compared with WT mice (mean 6 SD: 62 6 42
and 40 6 28, respectively, n = 8 mice per group).

apoA1 content does not alter myocardial apoptosis. To
determine whether increased apoptosis was responsible for the
observed injury in apoA12/2 mice, terminal deoxynucleotidyl
transferase–mediated biotinylated dUTP nick end labeling
staining was used. The number of apoptotic cardiac myocytes
(positive cells per square millimeter) was not different between
apoA12/2 and WT mice (mean 6 SD: 20 6 14 and 12 6 11,
respectively, n = 5 per group). The lack of difference in apoptotic

cardiac myocyte cell death suggests that the majority of the
increased death in the absence of apoA1 is secondary to
increased necrosis.

Mitochondrial oxidative phosphorylation is compromised

by loss of apoA. Mitochondrial oxidative metabolism was
measured using glutamate, succinate, duroquinol, and TMPD-
ascorbate as substrates for complexes I through IV, respectively.
Oxygen consumption under ADP-stimulated (state 3) and ADP-
limited (state 4) conditions are shown in Supplemental Table 1. State
3 respiration, state 4 respiration, respiratory control ratio, and the
ADP-to-oxygen ratio were similar in WTand apoA12/2 mice when
glutamate was used as the substrate (Supplemental Table 1).
However, there was a decrease in both state 3 and uncoupled
respiration in the apoA12/2 mice using a complex II substrate
(succinate plus rotenone). The decreased coupling of respiration
observed in apoA12/2 mice indicated by the decrease in the
respiratory control ratio was mainly due to a decrease in state 3
respiration rather than an increase in state 4 respiration.
Dinitrophenol-uncoupled respiration was decreased in apoA12/2

mice, localizing the respiratory defect to the electron transport chain.
Substrates that donate electrons to specific electron transport

complexes were used under conditions of maximal ADP-
stimulated respiration to further localize the sites of defects within
the electron transport chain. Maximal ADP-stimulated respira-
tion, measured using succinate as substrate for complex II, was
decreased in apoA12/2 mice (Supplemental Table 1). These data
uncover a defect in the pathway from complex II/ CoQ pool/
complex III / cytochrome c / cytochrome oxidase / oxygen.
To assess the function of the electron transport distal to complex II,
duroquinol (electron donor to complex III) and TMPD-ascorbate
(electron donor to cytochrome oxidase via cytochrome c) were
used. Maximal ADP-stimulated respiration was not affected in
the apoA12/2 mice when duroquinol or TMPD-ascorbate were
substrates (Supplemental Table 1). Maximal ADP-stimulated
respiration was also similar in WT and apoA12/2 mice with a
complex I substrate (which, like complex II, donates electrons to
complex III), confirming the integrity of the electron transport
chain other than at complex II.

Electron transport is compromised by inadequate CoQ.

Nicotinamide adenine dinucleotide cytochrome c reductase, a
measure of the activity of the electron transport segment I /
CoQ / III, was similar in apoA12/2 and WT mice (Fig. 2). The
activity of succinate cytochrome c reductase (antimycin A sensitive)
was markedly decreased in apoA12/2 mice, localizing a defect to
either complex II, CoQ, or complex III of the electron transport
chain (Fig. 2; Supplemental Table 2). However, the activity of

FIGURE 1 Infarct size as a percentage of the area at risk resulting

from left anterior descending coronary artery ligation for 30 min,

followed by reperfusion for 3 h in apoA12/2, apoA1+/2, and WT mice.

Values are individual data points, with bars representing means, n = 6.

*Different from WT, P , 0.01; &different from WT, P , 0.001;
#different from apoA1+/2, P, 0.001. apoA12/2, apoA1 null; apoA1+/2,

apoA1 heterozygous; WT, wild-type.

FIGURE 2 Maximal electron flux in individual

electron transport complexes in mitochondria

(left) and from complex I to complex III using

glutamate as a substrate and complex II to

complex III using succinate as a substrate (right)

in apoA12/2 mice relative to WT mice. Values

are means 6 SDs; n = 4 (apoA12/2) or 5 (WT).

*Different from WT, P , 0.05. apoA12/2, apoA1

null; CI, complex 1; CII, complex II; CIII, complex

III; NCR, NADH-cytochrome C reductase; SCR,

succinate-cytochrome C reductase; WT, wild-

type.
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complex III was not changed compared with WT mice, and the
activity of complex II itself was surprisingly normal (Fig. 2A). Thus,
the defect in electron transport in mitochondria of apoA12/2 mice
must be localized to the CoQ pool that transfers electrons from
complex II to complex III. The activity of citrate synthase, a
mitochondrial matrix enzyme, was similar in apoA12/2 and WT
mice (Fig. 2B), indicating that mitochondrial integrity was not
compromised in apoA12/2 mice.

Cardiac CoQ10 concentrations are reduced in apoA12/2

mice. The foregoing analyses suggest that a defect exists in the
mitochondria of apoA12/2 mice consistent with an inability of
the CoQ pool to adequately support complex II function. We
determined whether the cardiac pool of CoQ10 was indeed
sensitive to circulating HDL and apoA1 concentrations and
found that the lack of apoA1 reduced the cardiac CoQ10 pool
by almost 75% (Fig. 3A). This was a selective reduction because
Western blotting for cytochrome oxidase showed that mito-
chondrial mass was not diminished in the apoA12/2 mice (Fig.
3B). We sought to determine whether the cardiac pool of CoQ10
could be manipulated by administration of exogenous CoQ10
(22). CoQ10 concentrations did not increase in hearts of WT
mice, but this supplementation did raise cardiac CoQ10
concentrations in the apoA12/2 mice to WT levels (Fig. 3A).

CoQ10 supplementation reduced infarct size in apoA12/2

mice. The ready manipulation of the cardiac CoQ10 pool is a
potential therapy to reverse the adverse effects of apoA1/HDL
deficiency on infarct size. Indeed, administration of CoQ10 to

apoA12/2 mice completely corrected the defect in apoA12/2

mice because CoQ10 supplementation fully reduced infarct size
as a percentage area at risk to that ofWTmice (Fig. 4). We found
that CoQ10 injected into WT mice were no different than WT
mice that received vehicle (P = 0.15), suggesting that the CoQ10
content of WT mitochondria is sufficient.

Discussion

For >3 decades, population studies demonstrated an inverse
correlation between plasma apoA1 and HDL concentration and
coronary artery disease (32,33). Many of these same clinical
populations� low HDL concentrations are associated with
increased mortality, which to date is presumed to be secondary
to an increased risk of myocardial infarction in which decreased
HDL concentrations place a greater burden of atherosclerotic
coronary artery disease at presentation (34,35). Here, we
showed that in fact reducing HDL concentrations, even just by
half, acutely alters infarct size. Processes occurring during the
ischemia or reperfusion are affected by the previous history of
circulating HDL concentrations, and we trace this to a sharply
reduced cardiac CoQ10 pool that is insufficient to support
electron transport from complex II to complex III. This deficit
can more than double infarct size.

Our initial studies indicated that anterior wall myocardial
infarction led to substantial cardiac dysfunction to such a degree
that mice could not successfully be weaned from the ventilator in
the apoA12/2 mice. These initial findings suggested that there
was a significantly greater tissue death and perhaps increased
strain on surviving myocardium in the absence of apoA1. This
increased death led us to assess the effects of apoA1 in an acute
ischemia–reperfusion model with 30 min ischemia and 3 h
reperfusion. Our data indicate that necrotic, but not apoptotic,
cell death was enhanced in apoA1-deficient mice in this model.

FIGURE 3 CoQ is deficient in cardiacmitochondria of apoA1 nullmice and

is normalized by supplementation (A). Mitochondria were isolated by

differential centrifugation from the hearts of WT or apoA1 null mice

supplemented with CoQ10 or not by i.p. injection daily for 3 d before harvest

(mean 6 SD; n = 3 per group; *P , 0.05 vs. other groups). CoQ10

concentrations were quantitated after extraction by HPLC and UV absorption

in relation to a CoQ9 internal standard. Representative Western blot

(performed 3 times) for cytochrome oxidase in different groups shows that

mitochondrial mass is not altered among groups or by CoQ10 supplemen-

tation (B).APOA-IKO,apoA1nullmice;CoQ,coenzymeQ;CoQ10,coenzyme

Q10; COX IV, cytochrome c oxidase subunit IV; WT, wild-type mice.

FIGURE 4 Infarct size in apoA12/2 mice was reduced to that of WT

mice by CoQ10 supplementation. WT (circles) and apoA12/2 (squares)

mice were administered vehicle or CoQ10 (0.1 mg � g21 � d21) i.p. for

3 d before left anterior descending coronary artery ligation. Infarct size

as a function of area at risk was determined as in Figure 1 (mean 6
SD; n = 4 per group; *P , 0.05 vs. corresponding untreated mice).

Values are individual data points, with bars representing means.

ApoA12/2, apoA1 null; CoQ10, coenzyme Q10; WT, wild-type.
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Current literature suggests that the increased death in
apoA12/2 mice from reperfusion injury should be due to the
loss of free-radical scavenging by apoA1 itself (14). However,
our data demonstrate that a defect that persists after mitochon-
drial isolation is present in the hearts of apoA12/2 mice. This
defect is the relevant change responsive to circulating apoA1
concentrations because correction of this defect by CoQ10
supplementation normalized infarct size. CoQ10 is a facile
antioxidant, but neither reduction of circulating apoA1 nor
cardiac mitochondrial CoQ10 content enhanced cardiac ROS
production detectable by hydroethidine staining.

Given that there was CoQ10 in the diet of the mice, the fact
that i.p. supplementation restored CoQ10 concentrations in the
myocardium in the absence of an increase in apoA1 or HDL
suggests that apoA1 could have an as-yet undefined role in
CoQ10 absorption or trafficking from the gastrointestinal tract.
Abnormal gastrointestinal absorption was postulated in patients
with heart failure due to intestinal edema, and the increasing
doses of CoQ10 supplementation were shown to increase
plasma concentrations of CoQ10 and be associated with
increases in cardiac function (36). Furthermore, emulsification
of CoQ10 was shown to enhance the oral bioavailability of
CoQ10 (37). The potential role for apoA1 in the bioavailability
of oral CoQ10 remains to be determined.

Cardiac mitochondria of apoA12/2 mice exhibit a defect in
succinate-driven respiration that, notably, exists before the onset
of ischemic injury and may predispose mice with low HDL
concentrations to heightened responses to other insults. This
defect in oxidative phosphorylation was limited to the pathway
from complex II/ CoQ/ complex III even while the electron
transport chain from complex I / CoQ / complex III
remained intact. Differential interaction of complex I and
complex II with the CoQ pool was first described (38) in
CDC-like kinase 1 (clk-1) mutants of Caenorhabditis elegans
defective in the last step of CoQ synthesis (39). These mutants
display defective electron transport (38), although in this
organism, the decrease in respiration was with glutamate, a
complex I donor, and not succinate (40). clk-1 Mutants have an
increased lifespan (41), suggesting that defective coupling of the
CoQ pool to complex I is protective. This outcome is in line with
the protective effect of blocking electron flow from complex I
into complex III during ischemia (19). In contrast, the current
observation suggests that a blockade of electron flow from
complex II into complex III exacerbates ischemic damage.
Ischemia by itself allows cytochrome c to escape from mitochon-
dria, with a concomitant reduction in electron transport from
complex III to cytochrome oxidase (42). Therefore, reduced
apoA1 imposes an additional stress on mitochondrial electron
transport in cardiac tissue subjected to reperfusion after ischemia.

How apoA1 affects tissue CoQ10 is undefined because our
understanding of the flux of CoQ10 from circulation to tissues is
incomplete. CoQ10 circulates primarily in VLDL and LDL
(43,44). HDL normally does not contain CoQ10 but does in
animals supplemented with CoQ10 (43). In fact, compared with
LDL, CoQ10 flux through VLDL—its major carrier—and HDL
are highly dynamic in these supplementation experiments (43).
The VLDL compartment was modeled to be the major source of
circulating CoQ10 (44), and lack of apoA1 either directly slows
movement of the coenzyme to tissues or indirectly disrupts
VLDL formation and function.

The implications of our observations are many. The finding
of low HDL or apoA1 concentrations associated with decreased
cardiac myocyte mitochondrial function offers a novel mecha-
nism for myocardial stunning and potentially shock in patients

who present withmyocardial infarction. Only recently have studies
begun to investigate the association of HDL on outcomes in
patients who present with myocardial infarction (34,45). Our
findings suggest novel mechanisms for adverse outcomes in
patients with low HDL and demonstrate that repletion of the
CoQ10 pool in these patients may substantially improve outcomes.

3-Hydroxy-3-methylglutary-CoA reductase inhibitors (statins)
significantly decrease myocardial infarction, stroke, and death in
multiple clinical trials (46,47). Unfortunately, many patients are
intolerant of their effects secondary to muscle pain and fatigue.
CoQ, like cholesterol, is a 3-hydroxy-3-methylglutary-CoA pro-
duct, and statin therapy decreases circulating CoQ. Despite this,
CoQ supplementation has not consistently inhibited these side
effects (48,49). Low CoQ10 concentrations in patients on statins
who have subsequent ischemic events could result in a larger
ischemic insult. Our findings indicate that low HDL concentra-
tions and the associated deficient CoQ pool could be used to
identify patients whowill be intolerant to statins or at risk of larger
ischemic damage. Thus, our findings suggest a population that
may respond to CoQ supplementation to minimize or treat the
consequences of statins and ischemia.

In summary, our findings demonstrate an important link
between circulating apoA1 concentrations and cardiac mito-
chondrial function. Low apoA1/HDL decreases the CoQ10
pool, which in turn decreases electron transfer from complex II
to complex III. This deficiency clearly has relevant implications
in the setting of acute myocardial infarction and defines novel
mechanisms for the recent findings, such as improved functional
status associated with higher HDL concentrations (50) or a
worse outcome in patients with non-ischemic heart failure
associated with low HDL concentrations (51).
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